INTRODUCTION
In the past years we have developed a database for higher plant mitochondria tRNA molecules and genes aimed at facilitating the retrieval of information and sequences. The need for a database comes from the complex and non-homogeneous organization of tRNA genes and molecules in plant mitochondria (1) . The database was originally restricted to seed plants (Angiosperms and Gymnosperms) whose mitochondria show the most complex organization. In fact, they contain active tRNA molecules coded by either mitochondrial genes, chloroplast genes heterogeneously transferred to the different mitochondrial genomes or nuclear genes (2) .
The complete sequences of several higher plant and algae mitochondrial genomes [Arabidopsis thaliana (3) , Chlamidomonas eugametos (4), Chlamidomonas reihnartdii (EMBL accession number U03843), Pedinomonas minor (EMBL accession number AF116775), Chlorogonium elongatum (5), Chondrus crispus (6), Prototheca wickerhamii (7), Marchantia polymorpha (8) and Cyanidioschyzon merolae (9) ] reveal that, with the possible exception of P.wickerhamii, all the mitochondria surely need additional tRNAs to obtain a complete set of tRNAs. Moreover, specific studies on the import into M.polymorpha mitochondria of tRNA species from the cytoplasm, confirmed the import of the 'necessary' tRNA-Ile(AAU) (10) and tRNAThr(AGU) (11) species, but also revealed the unexpected import of two different tRNA-Val(AAC) molecules (12) . A tRNA-Val(UAC) gene had been already identified in the M.polymorpha mitochondrial genome that would be sufficient to read all four codons GUN (8) . These findings point out the impossibility of defining the complete set of tRNAs active in plant mitochondria until an exhaustive analysis on the import of tRNAs has been carried out.
In order to have as wide as possible an overview on the organization of tRNA molecules and genes in plant mitochondria, we thought it useful to include in the PLMItRNA database both information on tRNA genes and molecules in M.polymorpha mitochondria (encompassing, therefore, all the higher plants) and the numerous data coming from studies on green algae mitochondrial genomes. In this way the PLMItRNA database now includes all the information available for green plants (Viridiplantae).
Updating
The current version of the PLMItRNA database has been developed from a previous database for seed plant tRNA molecules and genes (1) by also including data for the bryophyta M.polymorpha and the green algae C.eugametos, C.reihnartdii, P.minor, Platimonas subcordiformis, C.elongatum, P.wickerhamii and Scenedesmus obliquus. It was updated in August 1999 by analyzing the whole EMBL database. All the sequences for tRNA genes or molecules detected in plant mitochondria were initially obtained through the SRS (Sequence Retrieval System) service at the European Bioinformatics Institute (EBI) WWW server: http://srs.ebi.ac.uk/ . A set of master sequences was then realised by choosing a single gene sequence for each tRNA species belonging to Viridiplantae. The master sequences were successively used to analyze the EMBL database (release 59) with the FastA program (13) . The FastA analysis was performed directly at the http://www2.ebi. ac.uk/fasta3/ site of the EBI. Updating of PLMItRNA for the tRNA sequences has also been based on the analysis of the literature since many of their sequences have not been deposited in the nucleic acid databases. Literature references are reported in the relative entries.
DESCRIPTION OF THE DATABASE
PLMItRNA contains 270 entries for 254 genes and 16 tRNA sequences. The informative section of each entry is organized in several fields, which schematically report characteristics of *To whom correspondence should be addressed. Tel: +39 080 544 3311; Fax: +39 080 544 3317; Email: luigi.ceci@area.ba.cnr.it the sequence. A query form (http://bio-www.ba.cnr.it:8000/srs6/ ) allows the retrieval of a list of specific entries by simply choosing among the different options available for each field. Combinations through Boolean operators are also possible. Fields and options are:
• Field 'Molecule' (options 'DNA' or 'RNA') refers to the primary source of the sequence. tRNA sequences, and cDNA sequences for which the corresponding gene was not sequenced have been cataloged as specific entries under the 'RNA' option. cDNA sequences of genes already sequenced have not been reported as single entries but are only mentioned in the 'Note' of the gene entry. • Field 'Gene structure' (options 'complete gene' or 'pseudo/ truncated gene') allows the user to distinguish between complete, potentially functional tRNA genes, and pseudo or truncated genes.
• Field 'Genetic origin' (options 'Mitochondrial', 'Chloroplast' or 'Nuclear') refers to the primary genetic origin of the sequence.
• Field 'Plant' has as an option every plant name (Latin or English) as listed in Table 1. • Field 'Plant group' has as an option every plant group as listed in Table 2. • Fields 'Aminoacid' and 'Anticodon' allow to choose every aminoacid or anticodon deduced from Table 3. • Field 'Transcription' has as options the symbol '+' (the gene is transcribed), '-' (the gene is not transcribed) and 'NS' (transcription not studied).
• Field 'Link' allows retrieval of specific entries through their EMBL database accession number. A direct link to the EMBL database through the reported accession numbers is also possible. Table 3 . Genes coding for mitochondrial tRNAs in Viridiplantae (only complete genes have been reported)
Red square, mitochondrial gene. Blue square, nuclear gene. Green square, chloroplast gene. 1, Two imported tRNA-Leu(NAA) have been found in P.vulgaris (14, 15) . 2, An imported tRNA-Leu(NAG) has been found in P.vulgaris (16) . 3, An imported tRNA-Leu(NAA) has been found in S.tuberosum (17).
• Field 'Notes' reports explicative notes, written including standard sentences to allow retrieval of entries by specific keywords. Topic keywords are 'not described' (genes not described in the feature field of the primary database accession number), 'not available' (sequences detected in the literature, but not present in nucleic acid libraries), 'cDNA' and 'RNA editing'. It is also possible to select entries by indicating specific keywords in the 'All text' field of the query form.
Each entry also has a multialignment section where all the homologous sequences available for green plant mitochondria have been aligned. Sequences have been reported in the same order as the relative plant appears in the systematic classification adopted in the ACNUC retrieval program (18) (also see Table 1 ).
In the multialignments, sequences have been subdivided into the classical tRNA domains. Nucleotide positions have been numbered from 0 to 76. Positions of nucleotides which are not always present (0, 17, 17a, 20a, 20b, nucleotides in the extra-arm, 47 and 74-76) are indicated by dashes. Each sequence is also preceded by some informative characters: the ID number, the initials of the Latin name of the plant species and the letter D or R for DNA or RNA sequences respectively.
When possible, tRNA sequences have been aligned with the corresponding gene sequences. Symbols of modified nucleotides in the tRNA sequences are according to Sprinzl et al. (19) with the exception of the Å character that stands for either i 6 A or ms 2 i 6 A modified nucleotides, and for the £ character which represents a lysidine-like hypermodified nucleotide.
DATABASE AVAILABILITY AND CITATION
Access to the PLMItRNA database is possible by WWW at the address http://bio-www.ba.cnr.it:8000/srs6/ . Entries from the database can be retrieved by either a standard 'All text' based query form or by an extended query form where the different fields and options can be specified.
The collection of sequences present in PLMItRNA is also available for database searching at the address http://bigarea. area.ba.cnr.it:8000/BioWWW/fasta.htm . The FastA output file is designed in order to allow links with the PLMItRNA entries.
Users of the database should cite the present publication as a reference. Comments, corrections and new entries are welcome.
